The endogenous low-abundance tyrosine nitration in a proteome has sensitive biological effect and is a stable biomarker of oxidative/ nitrosative stress or injuries, which is closely associated with a wide spectrum of diseases. Some nitroproteomics approaches have been established to achieve the identity of nitoproteins and nitrotyrosine sites; however, high-throughput quantitative nitroproteomics is urgently needed to maximize the coverage of tyrosine nitration in a proteome. The hot research topics would be the competition of nitration and phosphorylation at the same tyrosine residue, and tyrosine nitration within important protein domains and motifs, with pathway network analysis, X-ray crystallography analysis, and fixed point mutation methods to reveal scientific merit of protein nitration in clarification of molecular mechanism of a disease and discovery of effective therapeutic targets. The tyrosine nitration pattern of biofluid might benefit the discovery of reliable biomarkers for accurately predictive, diagnosis, and prognosis assessment of a disease. 
NITROPROTEOME, NITROPROTEOMICS, AND ITS METHODOLOGICAL STATUS
The nomenclature "nitroproteome" initially appeared in 2004 [1] , which means all nitroproteins that are nitrotyrosine-containing proteins or nitrated proteins in a proteome. Nitroprotein is the addition of a nitro group (-NO 2 ) to the position 3 of the phenolic ring of tyrosine residue to form 3-nitrotyrosine residue in a protein. Nitroproteomics is the use of proteomics to study the nitroproteome, or the theory and methodology to study the nitroproteome [1, 2] . Mass spectrometry (MS) is the key approach to identity of endogenous nitroprotein and nitrotyrosine sites for elucidation of biological functions of protein tyrosine nitration in a biological system; however, which is obviously challenged because of its various MS behaviors of the nitro group in a nitroprotein among different MS analyses and the extreme low-abundance (1 in ~10 6 tyrosines) of endogenous nitrotyrosine residues in a proteome [3] . The various MS behaviors of nitroproteins require an optimal MS technical platform, and the low abundance of endogenous nitrotyrosine sites requires effectively preferential enrichment of nitroproteins or nitropeptides prior to MS analysis. Two-dimensional gel electrophoresis (2DE) [1, 4, 5] -or nitrotyrosine affinity column (NTAC) [2] -based nitrotyrosine immunoaffinity approaches are effective in detection and enrichment of endogenous nitroproteins; however, low abundance of tryptic nitropeptides relative to nonnitrated tryptic peptides derived from a nitroprotein still limits the MS identification of a nitroprotein. Therefore, it is necessary to develop the preferential enrichment of tryptic nitropeptides prior to MS analysis; however, currently commercial anti-nitrotyrosine antibody at the level of nitropeptides is not easily available, most of the commercial anti-nitrotyrosine antibodies are at the level of nitroprotein. The instable MS behaviors of the nitro group (-NO 2 ) have driven some researchers to convert the nitro group (-NO 2 ) to the MS stable amino group (-NH 2 ) and derivation (such as biotin) of amino group for targeted enrichment of aminopeptides prior to MS analysis [6] [7] [8] ; however, those methods generally worked well for in vitro nitrated proteins or nitrated proteome but not very good for identity of endogenous nitroproteins. Recently, super-high sensitivity (~1 atmol) and high resolution mass spectrometer such as OrbiTrap Velos or Fusion worked well in identity of 2DE-detected and separated nitroproteins, but its throughput is limited by character of 2DE and relatively low amount of nitroproteins in a 2DE spot. We strongly believe that preferential enrichment of tryptic nitropeptides derived from a proteome coupled with a long time (such as 3-4 h) LC-ESI-MS/MS on the super-high sensitivity and resolution mass spectrometer such as OrbiTrap Velos or Fusion plus label-free or stable isotope such as TMT or iTRAQ-labeling techniques [9, 10] will quantify and maximize the coverage of endogenous nitrotyrosine sites in a complex human proteome. A most newly nitropeptide-based enrichment in combination with label-free quantification significantly improved the identity of in vivo nitrotyrosine sites [11] . Currently, because most of commercial anti-nitrotyrosine antibodies are based on the level of nitroprotein, the availability of commercial anti-nitrotyrosine antibody at the level of nitropeptide is the key factor to achieve this goal. Therefore, the methodology of nitroproteomics needs to be improved significantly for its maximum application in the field of medicine.
CHEMICAL AND PHYSICAL CHARACTERISTICS AND POTENTIAL BIOLOGICAL FUNCTIONS OF PROTEIN TYROSINE NITRATION
Protein tyrosine nitration owns its specific characters. The addition of nitro group (-NO 2 ) to the phenolic ring of tyrosine residue in a protein results in the shift of the phenolic pKa value from ~10 for tyrosine to the physiological pH range ~7.1 for nitrotyrosine. Thus, a nitrotyrosine residue is about 50 % ionized to produce a negative charge at the physiological pH range. The nitro group is an electron-withdrawing group, which causes the decrease of the electrondensity of the phenolic ring of a tyrosine residue in a protein. Thus, if protein nitration occurs within the interacting region between an enzyme-substrate, receptor-ligand, antigen-antibody, or dimerization region, the decreased electron-density could diminish the interaction intensity (enzyme-substrate, receptor-ligand, antigen-antibody, or dimerization) to affect the functions of that protein [2] . Protein nitration also competes the same tyrosine residue site with phosphorylation within a tyrosine kinase phosphorylation motif (
) to affect the signal transduction [12] . Moreover, the discovery of putative denitrase in a cell or tissue demonstrates that biological protein tyrosine nitration could be a specific, dynamic, and reversible process between nitration and denitration [13] . Therefore, protein tyrosine nitration in a biological system has extensively biological functions, which is not only a pathological consequence and a stable biomarker of oxidative/nitrative injuries, but also alters protein functions [14] to involve multiple biological processes such as redox signaling and neurotransmission [15] , and associate multiple pathophysiological processes MED ONE 2017, 2:e170027 | Email:mo@qingres.com November 29, 2017 3 such as tumorigenesis [2, 5] , inflammation-related diseases [16, 17] , aging and aging-related diseases [18, 19] , neurodegenerative disease [20] , cardiovascular disease [21, 22] , kidney disease [23] , and diabetes [24] . It emphasizes the importance, scientific merit, and potential of identification and quantification of endogenous protein tyrosine nitration or nitroproteome in the field of medicine.
ROS/RNS SYSTEM, GENERATION OF PROTEIN TYROSINE NITRATION, AND PATHOGENESIS OF A DISEASE
Exploration of variations in nitroproteome provides numerous promising and potential in the field of medicine. Many reactive oxygen/nitrogen species (ROS, RNS) are generated in human tissues and cells in different pathophysiological conditions [15] , including superoxide, nitric oxide, nitrogen dioxide, peroxyl radical, hydroxyl radical, alkoyl radical, hydroperoxyl radical, hypochlorous acid, hydrogen peroxide, hypobromous acid, ozone, singlet oxygen, nitrosyl cation, nitrous acid, dinitrogen tetroxide, nitrosyl anion, dinitrogen trioxide, dinitrogen tetroxide, peroxynitrous acid, nitronium cation, alkyl peroxynitrites, and nitryl chloride. Those ROS and RNS mutually act in an ordered chemical reaction system [15] , and exit in the entire process of a disease from preclinical to clinical phases, and from occurrence, development, diagnosis, therapy to prognosis of a disease, which are all involved in oxidative/nitrosative stress, and damage to DNA, carbohydrates, lipids, and proteins. Among those ROS and RNS-involved chemical reactions, superoxide and nitric oxide react quickly to generate peroxynitrate that is an in vivo main nitrating reagent to induce the nitration of tyrosine residue in a protein [1, 12] , which reaction can be inhibited by thiols (RSH) and elevated by CO 2 , other secondary nitrating reagents include nitrous acid (HONO), nitryl chloride (NO 2 Cl), and nitric acid (HONO 2 ). Tyrosine nitration in a protein is a chemically stable post-translational modification, a marker of oxidative/nitrosative stress or injuries. Therefore, the stable protein tyrosine nitration is a potential biomarker to detect onset, progression, and therapeutic efficacy. Moreover, protein tyrosine nitration alters protein functions and involves molecular mechanisms of a disease, clarification of protein targets of tyrosine nitration benefits insights into novel pathological mechanisms of a disease [25] . Furthermore, three-dimensional structural study of key nitroproteins and nitrotyrosine sites benefit the discovery of effective therapeutic targets.
UNTAPPED POTENTIAL OF NITROTEOMICS IN MEDICINE
Immunoaffinity analysis of protein tyrosine nitration only reveals the existence and semi-quantification of tyrosine nitration in a biological system [4, 5] . Quantitative nitroproteomics can quantify the degree of protein tyrosine nitration and determine nitrotyrosine sites. The high sensitivity and resolution mass spectrometer, and development of antinitrotyrosine antibody at the level of nitropeptides will drive the development of quantitative nitroproteomics in the field of medicine. Tissue nitroproteomics has a potential in insight into novel pathological mechanisms, tyrosine nitration-involved molecular network variations, and discovery of effective therapeutic targets. Biofluid nitroproteomics has a potential in identity of protein tyrosine nitration profiles, molecular classification, tyrosine nitrationinvolved metabolomic network variations, and discovery of effective tyrosine nitration biomarkers for monitoring of onset, progression, and prognosis of a disease. Structural biology analysis of key nitroproteins has a potential in discovery of new therapeutic targets and development of new drugs.
Several evidences are taken here for potential of nitroproteomics in medicine. Tissue nitroproteomics of astrocytomas revealed 18 nitroproteins and 20 nitrotyrosine sites that associate multiple biological functions in astrocytomas [5] , and especially RNS inactivates wild-type p53 protein function through tyrosine nitration in human gliomas [26, 27] . Moreover, morphology and functions of rat-glioma cell lines and mouse-neuroblastoma were induced to change with the amino acid analog 3-nitrotyrosine [28] ; and detyrosination/retyrosination is involved in the migration capability of glioblastoma cells [29] . Tissue nitroproteomics of pituitary adenomas discovered 9 nitroproteins and 10 nitrotyrosine sites [2] ; tyrosine nitration occurred in important protein domains or motifs such as enzymatic activity region, dimerization region, transcriptional suppression domain, and tyrosine kinase phosphorylation motif; and protein nitration involves three important signaling pathway network systems including oxidative stress, cell-cycle dysregulation, and MAPKsignaling abnormality [30] . Biofluid nitroproteomics of chronic obstructive pulmonary disease (COPD) discovered 8 nitroproteins and 11 nitrotyrosine sites in bronchoalveolar lavage fluid (BALF) [12] , and protein nitration occurs within specific protein domain and motif and associates multiple [31] . Moreover, nitroproteomics discovered nitroproteins and nitrotyrosine sites in neurodegenerative diseases, cardiovascular diseases, and inflammation-related diseases [32] .
CONCLUDING REMARKS
The endogenous low-abundance tyrosine nitration in a proteome has sensitively biological effect and is a stable biomarker of oxidative/nitrosative stress or injuries, which associates a wide spectrum of diseases. Some nitroproteomics approaches have been established to achieve the identity of nitroproteins and nitrotyrosine sites; however, high-throughput quantitative nitroproteomics such as nitropeptide-based enrichment coupled with quantitative proteomics [11] is urgently needed to maximize the coverage of tyrosine nitration in a proteome. For tissue nitroproteomics, it would be very interesting topic for competition of nitration and phosphorylation at the same tyrosine residue within tyrosine kinase phosphorylation motif, and tyrosine nitration within important protein domains such as enzymatic activity region, dimerization region, transcriptional suppression domain, and receptorligand interacting region. Pathway network analysis benefits the importance of nitroproteins in a biological system. Furthermore, structural biology such as X-ray crystallography analysis provides in-depth insight into influence of tyrosine nitration on structure and function of a protein to understand novel molecular mechanism and discover novel therapeutic targets. Biofuid nitroproteomics and nitropeptomics benefit the discovery of reliable tyrosine nitration biomarkers for accurately predictive, diagnosis, and prognosis assessment of a disease.
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